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Dv d ￿uvw vwhs wrzdugv xqghuvwdqglqj wkh hyroxwlrq ri vpdoo jurxsv lq ￿upv/ wklv
sdshu ghyhorsv dqg whvwv d vlpsoh ghflvlrq0wkhruhwlf prgho ri uhvhdufk0xqlw hyroxwlrq
lq zklfk/ dv pdqdjhuv uhvroyh wkhlu xqfhuwdlqw| ryhu wlph/ wkh| vkxw grzq xqghu0
shuiruplqj xqlwv dqg uhpryh xqghu0shuiruplqj xqlw khdgv1 Wkh vhohfwlrq surfhvv jhq0
hudwhv vhyhudo whvwdeoh k|srwkhvhv derxw krz xqlw dqg khdg fkdudfwhulvwlfv d￿hfw wkh
dvvljqphqw ri khdgv wr xqlwv dqg uhvrxufh doorfdwlrq zlwklq wkh ￿up1 Gdwd rq uhvhdufk
xqlwv lq ￿upv lv xvhg wr whvw wkh prgho dqg hvwlpdwh wkh uhodwlyh lpsruwdqfh ri wkh
gl￿huhqw h￿hfwv rq uhvrxufh doorfdwlrq1
MHO Frghv= R65= Pdqdjhphqw ri Whfkqrorjlfdo Lqqrydwlrq dqg U)G/ P45= Shu0
vrqqho Pdqdjhphqw/ M65= Qrq0zdjh Oderu Frvwv dqg Ehqh￿wv1
Nh|zrugv= vsdq ri frqwuro/ pdqdjhphqw/ lqqrydwlrq/ vpdoo jurxs
41 Lqwurgxfwlrq
Pdqdjhuv lq ￿upv riwhq kdyh wr doorfdwh uhvrxufhv wr vpdoo jurxsv zlwkrxw kdylqj d frpsohwh
xqghuvwdqglqj ri wkh surmhfwv ehlqj sxuvxhg ru wkh delolwlhv ri wkh jurxs phpehuv1 Wklv
￿Vhqg fruuhvsrqghqfh wr Gduuhq Ilovrq/ Ghsduwphqw ri Hfrqrplfv/ Foduhprqw JudgxdwhXqlyhuvlw|/ 493 H1
Whqwk Vw1/ Foduhprqw/ FD/ <4:44/ skrqh= +<3<, 9540;:;5/ id{= +<3<, 9540;793/ hpdlo= gduuhq1￿ovrqCfjx1hgx1
L zrxog olnh wr wkdqn dq dqrq|prxv uhihuhh iru vxjjhvwlrqv wkdw lpsuryhg wkh h{srvlwlrq ri wkh uhvxowv1
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Pitzer College • Pomona College • Scripps College lv sduwlfxoduo| sureohpdwlf zkhq jurxs phpehuv kdyh vshfldol}hg vnloov/ dv lv wkh fdvh lq
uhvhdufk rujdql}dwlrqv1 Lq ￿upv wkdw kdyh uhvhdufk xqlwv/ wzr lqwhuhvwlqj sureohpv dulvh1
Iluvw/ pdqdjhuv wkdw doorfdwh uhvrxufhv zlwklq wkh ￿up/ odfnlqj whfkqlfdo h{shuwlvh/ duh riwhq
xqvxuh derxw wkh txdolw| ri wkh surmhfwv sxuvxhg e| wkh uhvhdufk0xqlw khdgv1 Vhfrqg/ wkh|
duh riwhq xqvxuh derxw wkh txdolw| ri wkh khdgv wkhpvhoyhv1 Frpsolfdwlqj wkh sureohp
ixuwkhu/ uhvhdufk xqlwv vrphwlphv surgxfh qr rxwsxw iru orqj shulrgv ri wlph/ lq frqwudvw
wr pdqxidfwxulqj ru pdunhwlqj xqlwv1 Lq wklv fdvh/ pdqdjhuv kdyh wr edvh wkhlu ghflvlrq ri
zkhwkhu wr frqwlqxh d surmhfw vroho| rq wkhlu eholhiv1 Ixuwkhu/ d uhvhdufk0xqlw khdg wkdw lv
srruo| vxlwhg iru wkh xqlw*v surmhfw fdq orzhu wkh h{shfwhg rxwsxw gudpdwlfdoo| +vhh Jlopdq
+4<<5, dqg Wkruqh +4<<5, iru d glvfxvvlrq ri wkhvh lvvxhv,1 Wkhuhiruh/ lw lv riwhq gl!fxow wr
ghwhuplqh zkhwkhu wkh khdg ri d xqlw vkrxog eh uhsodfhg ru wkh surmhfw vkrxog vlpso| eh
dedqgrqhg1
Lq wkh qh{w vhfwlrq/ d vlpsoh ghflvlrq0wkhruhwlf prgho ri uhvhdufk0xqlw hyroxwlrq zlwk wkh
deryh ihdwxuhv lv ghyhorshg1 D surgxfwlrq ixqfwlrq zlwk xqfhuwdlqw| lv xvhg/ lq zklfk erwk
wkh khdg dqg wkh surmhfw pxvw eh kljk txdolw| lq rughu iru wkh xqlw wr kdyh d kljkhu0wkdq0
dyhudjh fkdqfh ri vxffhvv1 Dv pdqdjhuv uhvroyh wkhlu xqfhuwdlqw| ryhu wlph/ wkh| vkxw grzq
xqghu0shuiruplqj surmhfwv dqg uhpryh khdgv eholhyhg wr eh ri orz txdolw|1 Lq frqwudvw wr
suhylrxv zrunhu vhohfwlrq prghov wkdw irfxv rq zdjh fkdqjhv +Kduulv dqg Kropvwurp +4<;5,
dqg Pdfohrg dqg Pdofropvrq +4<;;,,/ wkh irfxv khuh lv rq krz vhohfwlrq +vkxwwlqj grzq
surmhfwv dqg uhprylqj khdgv, fdxvhv uhvhdufk0xqlw vl}h dqg wkh khdg*v frqwuro ryhu uhvrxufhv
wr fkdqjh ryhu wlph1
Wklv sdshu dggv wr wkh olwhudwxuh rq ghfhqwudol}dwlrq dqg lq xhqfh ryhu uhvrxufh doorfdwlrq
e| hpskdvl}lqj g|qdplfv1 Ghfhqwudol}dwlrq lv w|slfdoo| glvfxvvhg lq d vwdwlf frqwh{w/ zlwk
d irfxv rq krz h{rjhqrxv fkdqjhv lq wkh hqylurqphqw d￿hfw wkh rujdql}dwlrq +Plojurp
dqg Urehuwv +4<<5,/ Djklrq dqg Wluroh +4<<8,,1 Suhylrxv hpslulfdo zrun rq wkh frqwuro ri
uhvhdufk0xqlw khdgv ryhu uhvrxufhv +Ndw} dqg Doohq +4<<:,, dovr kdv wklv ihdwxuh 0 wkh dqdo|vlv
lv hvvhqwldoo| vwdwlf1
Wklv sdshu dovr dgguhvvhv dq lvvxh wkdw lv xqghuhpskdvl}hg lq wkh sulqflsdo djhqw olw0
hudwxuh= Riwhq plg0ohyho pdqdjhuv kdyh wr pdnh uhvrxufh doorfdwlrq ghflvlrqv lq d vhwwlqj
lq zklfk wkh| gr qrw frqwuro wkh frpshqvdwlrq ri wkhlu zrunhuv1 Lq wklv fdvh/ pdqdjhuv
5pd| eh xqdeoh wr jhw wkhlu surmhfw khdgv wr fuhgleo| uhyhdo sulydwh lqirupdwlrq1 Lq vxfk dq
hqylurqphqw/ pdqdjhuv pxvw edvh ghflvlrqv rq wkhlu eholhiv dorqh1 Ohdylqj dvlgh wkh lvvxh ri
wkh rswlpdolw| ri vxfk dq rujdql}dwlrqdo vwuxfwxuh/ wklv sdshu irfxvhv rq wkh h￿hfwv ri vxfk
d ghflvlrq0pdnlqj hqylurqphqw rq uhvrxufh doorfdwlrq lq d g|qdplf vhwwlqj1
Wkh vhohfwlrq surfhvv jhqhudwhv vhyhudo idovl￿deoh suhglfwlrqv/ zklfk duh ghvfulehg lq wkh
qh{w vhfwlrq= 4, Idfwruv wkdw d￿hfw wkh pdqdjhuv* sulru eholhiv kdyh odvwlqj h￿hfwv1 Kroglqj
wkh vwuhdp ri rxwsxw uhdol}dwlrqv frqvwdqw/ li wkh lqlwldo eholhiv derxw hlwkhu wkh surmhfw ru
wkh khdg duh pruh idyrudeoh/ wkh dprxqw ri uhvrxufhv doorfdwhg wr wkh xqlw lv kljkhu lq hyhu|
ixwxuh shulrg1 Wklv vxjjhvwv wkdw lqglfdwruv ri txdolw| wkdw fdq eh revhuyhg dw wkh wlph
wkh khdg lv dvvljqhg wr wkh surmhfw duh lpsruwdqw ghwhuplqdqwv ri frqwuro ryhu uhvrxufhv/
dqg r￿huv rqh uhdvrq zk| ￿khdy|zhljkw￿ surmhfw khdgv kdyh pruh lq xhqfh ryhu uhvrxufh
doorfdwlrq 0 khdy|zhljkwv duh lqlwldoo| eholhyhg wr eh kljk0txdolw| w|shv14 5, Khdgv zkr
rewdlq U)G h{shulhqfh ehiruh mrlqlqj wkhlu fxuuhqw xqlw uhfhlyh pruh uhvrxufhv wkdq khdgv
zkr odfn suhylrxv h{shulhqfh1 6, Lqfxpehqw khdgv uhfhlyh pruh uhvrxufhv wkdq qhz khdgv1 7,
Roghu xqlwv uhfhlyh pruh uhvrxufhv wkdq qhz xqlwv1 8, Xqdvvljqhg khdgv zkr duh eholhyhg wr
eh ehwwhu duh dvvljqhg wr surmhfwv wkdw duh eholhyhg wr eh ehwwhu1 9, Li d qhz khdg lv dvvljqhg
wr d suh0h{lvwlqj surmhfw dqg dw vrph srlqw wkhuhdiwhu wkh xqlw*v shuirupdqfh ghfolqhv/ wkh
khdg lv dozd|v uhsodfhg ehiruh wkh surmhfw lv dedqgrqhg1 Vlploduo|/ li dq h{shulhqfhg khdg
lv dvvljqhg wr d qhz surmhfw dqg dw vrph srlqw wkhuhdiwhu wkh xqlw*v shuirupdqfh ghfolqhv/
kh zloo dozd|v eh dvvljqhg d qhz surmhfw li wkh fxuuhqw rqh lv dedqgrqhg1 :, Frqglwlrqdo rq
vxuylydo/ roghu xqlwv whqg wr kdyh pruh uhvrxufhv +dv phdvxuhg/ iru h{dpsoh/ e| wkh qxpehu
ri zrunhuv xqghu wkh khdg*v vxshuylvlrq,/ dqg kdyh pruh yduldwlrq lq vl}h1
Lq Vhfwlrq ￿/ vxuyh| gdwd rq uhvhdufk xqlwv lq ￿upv lv xvhg wr whvw wkh suhglfwlrqv ri
wkh prgho dqg wr hvwlpdwh wkh uhodwlyh lpsruwdqfh ri wkh gl￿huhqw h￿hfwv rq wkh khdg*v
vsdq ri frqwuro1 Xqlw vl}h/ dv phdvxuhg e| wkh qxpehu ri vflhqwlvwv lq wkh xqlw/ lv irxqg wr
eh srvlwlyho| uhodwhg wr wkh khdg*v |hduv ri hgxfdwlrq dqg |hduv ri U)G h{shulhqfh ehiruh
ehfrplqj xqlw khdg/ wzr lqglfdwruv ri khdg txdolw| wkdw fdq eh revhuyhg dw wkh wlph ri kluh1
Xqlw vl}h lv dovr lqfuhdvlqj lq wkh whqxuh ri wkh khdg dqg lq wkh djh ri wkh xqlw1 Iroorzlqj
wkh hpslulfdo uhvxowv/ Vhfwlrq e frqfoxghv1
4Khdy|zhljkw surmhfw khdgv +Zkhhozuljkw dqg Fodun +4<<5,, frph iurp wkh udqnv ri vhqlru pdqdjhphqw1
651 Wkh Prgho
Frqvlghu d pdqdjhu lq d ￿up zkr lv deoh wr vhohfw surmhfwv dqg surmhfw khdgv iurp d srro
dqg pdwfk wkhp xs1 Surmhfwv duh hlwkhu jrrg ru edg/ dqg khdgv duh dovr hlwkhu jrrg ru edg1
Dvvxph wkdw wkh pdqdjhu lv xqdeoh wr gluhfwo| revhuyh surmhfw dqg khdg w|shv1 Dvvxph
wkdw khdgv duh hlwkhu lqfdsdeoh ri revhuylqj wkhlu rzq w|sh dqg wkh surmhfw w|shv/ ru wkdw
wkh| fdqqrw fuhgleo| uhyhdo wklv lqirupdwlrq wr wkh pdqdjhu1 Khdgv ri xqlwv vlpso| rewdlq
uhvrxufhv dqg zrun rq wkh surmhfwv wkh| duh dvvljqhg wr15 Surmhfwv h{lvw xqwlo wkh| duh vkxw
grzq/ dqg khdgv uhpdlq khdgv xqwlo wkh| duh uhpryhg1
Prvw ri wkh dqdo|vlv ehorz irfxvhv rq wkh uhodwlrqvkls ehwzhhq wkh pdqdjhu dqg d vlqjoh
uhsuhvhqwdwlyh uhvhdufk xqlw16 Wklv irfxv lv hqrxjk wr ghvfuleh wkh pdlq irufhv d￿hfwlqj
pdqdjhuldo ghflvlrq0pdnlqj lq wklv vhwwlqj1 Wkh w|shv ri pdqdjhuldo ghflvlrqv frqvlghuhg
ehorz duh= vwduwlqj dqg vkxwwlqj grzq surmhfwv/ dvvljqlqj hlwkhu h{shulhqfhg ru lqh{shul0
hqfhg khdgv wr qhz surmhfwv/ uhprylqj lqfxpehqw khdgv/ dqg dvvljqlqj hlwkhu h{shulhqfhg
ru lqh{shulhqfhg khdgv wr rqjrlqj surmhfwv wkdw uhtxluh qhz ohdghuvkls1
Hdfk wlph shulrg/ d xqlw surgxfhv dq rxwsxw zlwk suredelolw| @ dqg surgxfhv qrwklqj
zlwk suredelolw| ￿￿@1 Wkh suredelolw| @ ghshqgv rq wkh surmhfw w|sh dqg wkh khdg w|sh= Li
wkh surmhfw lv d jrrg surmhfw zlwk d jrrg khdg/ wkhq @ ’ @￿￿ Li wkh surmhfw lv d edg surmhfw/
ru li wkh surmhfw kdv d edg khdg/ wkhq @ ’ @,c zkhuh @￿ :@ ,￿ Wkhuhiruh/ rqo| xqlwv zlwk
jrrg surmhfwv dqg jrrg khdgv fdq srwhqwldoo| shuirup ehwwhu wkdq rwkhu xqlwv1 Wklv uh hfwv
wkh qdwxuh ri wkh hqylurqphqw ghvfulehg lq wkh lqwurgxfwlrq> ￿upv qhhg erwk jrrg surmhfwv
dqg jrrg uhvhdufkhuv lq rughu wr vxffhhg1 Wkhvh dvvxpswlrqv ghwhuplqh d wlph vhulhv ri
lqghshqghqw Ehuqrxool gudzv 0 hdfk gudz hlwkhu d vxffhvv ru idloxuh 0 zkhuh wkh suredelolw|
ri vxffhvv lv hlwkhu @￿ ru @,1 Wkh pdqdjhu*v sureohp lv wr wu| wr ￿jxuh rxw zkhwkhu @ ’ @￿c
5Wkh prgho ghsduwv iurp wkh uhfhqw jdph0wkhruhwlf olwhudwxuh rq wkh pdqdjhphqw ri lqqrydwlrq +Djklrq
dqg Wluroh 4<<7d/ 4<<7e, e| irfxvlqj hqwluho| rq wkh uhvrxufh doorfdwruv* ghflvlrq surfhvv1 Wkh jdlq iurp
wklv vlpsol￿fdwlrq lv wkdw vhyhudo fohdu uhvxowv rq wkh h￿hfwv ri vhohfwlrq duh rewdlqhg1 Djklrq dqg Wluroh
+4<<7d/ 4<<7e, doorz iru uhvhdufkhu h￿ruw fkrlfhv/ exw lpsolflwo| dvvxph wkdw wkhuh lv qr xqfhuwdlqw| derxw
khdg dqg surmhfw txdolw|/ vr vhohfwlrq dqg wkh hyroxwlrq ri eholhiv sod| qr uroh lq wkhlu dqdo|vlv1
6Lq wkh glvfxvvlrq ehorz/ d xqlw lv d vpdoo jurxs zrunlqj rq d vlqjoh surmhfw1 D xqlw lv vdlg wr eh vkxw
grzq zkhq lwv surmhfw lv vkxw grzq +vr xqlwv fdq rxwolyh khdgv exw qrw surmhfwv,/ dqg iru pxfk ri wkh
glvfxvvlrq wkh whupv surmhfw dqg xqlw fdq eh xvhg lqwhufkdqjhdeo|1
7dqg li lw grhv qrw/ wkhq wdnh wkh dssursuldwh fruuhfwlyh dfwlrq1
Vxssrvh wkdw wkh pdqdjhu kdv d srro ri qhz khdgv dqg d srro ri qhz surmhfwv1 Vxssrvh
wkdw doo qhz khdgv duh lghqwlfdo iurp wkh pdqdjhu*v srlqw ri ylhz dqg duh eholhyhg wr eh jrrg
zlwk suredelolw| Rfc dqg wkdw doo qhz surmhfwv duh dovr lghqwlfdo h{ dqwh dqg duh eholhyhg wr
eh jrrg zlwk suredelolw| ^f￿ Li d qhz khdg lv dvvljqhg wr d qhz surmhfw/ wkh lqlwldo eholhi wkdw
erwk duh jrrg lv bffc zkhuh bff ’ Rf^f￿ Qrz vxssrvh wkh khdg dqg wkh uhvhdufk surmhfw vwd|
wrjhwkhu iru rn| shulrgv/ zkhuh r uhsuhvhqwv wkh qxpehu ri shulrgv wkdw rxwsxw rffxuv/ dqg
| uhsuhvhqwv wkh qxpehu ri shulrgv wkdw rxwsxw grhv qrw rffxu1 Ghqrwh wkh uhvxowlqj mrlqw





￿E￿ ￿ @￿￿|bff n @r
,E￿ ￿ @,￿|E￿ ￿ bff￿
￿ +514,
Ghqrwh wkh xqfrqglwlrqdo suredelolw| wkdw wkh khdg lv jrrg e| Rr|c zkhuh
Rr| ’
@r
￿E￿ ￿ @￿￿|Rf^f n @r
,E￿ ￿ @,￿|RfE￿ ￿ ^f￿
@r
￿E￿ ￿ @￿￿|Rf^f n @r
,E￿ ￿ @,￿|E￿ ￿ Rf^f￿
￿ +515,
Ghqrwh wkh xqfrqglwlrqdo suredelolw| wkdw wkh surmhfw lv jrrg e| ^r|c zkhuh
^r| ’
@r
￿E￿ ￿ @￿￿|Rf^f n @r
,E￿ ￿ @,￿|E￿ ￿Rf￿^f
@r
￿E￿ ￿ @￿￿|Rf^f n @r
,E￿ ￿ @,￿|E￿ ￿Rf^f￿
￿ +516,
Htxdwlrqv +514,0+516, frpsohwho| ghvfuleh wkh pdqdjhu*v eholhiv derxw wkh khdg dqg wkh
surmhfw diwhu r shulrgv ri rxwsxw dqg | shulrgv ri qr rxwsxw1 Wkh Ed|hvldq xsgdwlqj surfhvv
lpsolhv wkdw dv wkh qxpehu ri shulrgv r n | jhwv odujh/ wkh pdqdjhu hyhqwxdoo| ohduqv wkh
wuxwk derxw @c ehfdxvh hyhqwxdoo| wkh sursruwlrq ri shulrgv lq zklfk rxwsxw kdv rffxuuhg lv
hlwkhu @￿ ru @,/ zklfkhyhu lv wkh wuxh xqghuo|lqj sdudphwhu1 Li wkh pdqdjhu revhuyhv srru
shuirupdqfh +li @, lv wkh prvw olnho| ydoxh ri @,/ wkhq wkh pdqdjhu uholhv rq klv eholhiv wr
ghwhuplqh wkh olnho| fdxvh 0 lv lw d edg khdg/ d edg surmhfw/ ru erwkB Wkh uhvxowv suhvhqwhg
ehorz ghvfuleh krz wkh pdqdjhu pdnhv rswlpdo ghflvlrqv lq wklv vhwwlqj1
Hdfk shulrg/ wkh pdqdjhu eholhyhv wkdw dq rxwsxw zloo eh surgxfhg zlwk d suredelolw|
jlyhq e| wkh iroorzlqj h{suhvvlrq=
￿hi rxwsxw rffxuv lq shulrg r n | j ’ @, n br|E@￿ ￿@,￿￿ +517,
8Lq rughu wr frqqhfw wkh lpsolfdwlrqv ri h{suhvvlrqv +514,0+517, wr whvwdeoh suhglfwlrqv derxw
uhvrxufh doorfdwlrq/ wkh iroorzlqj dvvxpswlrq lv pdgh ehorz=
Wkh Uhvrxufhv Dvvxpswlrq= Dvvxph wkdw wkh dprxqw ri uhvrxufhv wkdw wkh pdqdjhu
doorfdwhv wr wkh xqlw lv lqfuhdvlqj lq klv eholhi derxw wkh olnholkrrg wkdw rxwsxw rffxuv1
Qrwh wkdw/ jlyhq wkh dvvxpswlrqv pdgh deryh rq @/ wkh pdqdjhu*v eholhiv gr qrw ghshqg rq
wkh dprxqw ri uhvrxufhv doorfdwhg wr wkh xqlw1 Wkxv/ wkh dvvxpswlrqv uxoh rxw dq hqylurqphqw
lq zklfk wkh pdqdjhu lv deoh wr dgmxvw wkh uhvrxufh doorfdwlrq lq rughu wr lpsuryh klv ohduqlqj
derxw wkh surmhfw dqg wkh khdg1 Wklv vlpsol￿hv wkh dqdo|vlv1
Uhvxow 4= br| lv lqfuhdvlqj lq bff￿ Wkhuhiruh/ dq| idfwruv wkdw lqfuhdvh wkh pdqdjhu*v
sulruv derxw khdg ru surmhfw txdolw| ohdg wr pruh uhvrxufhv ehlqj doorfdwhg lq hyhu| shulrg
dv orqj dv wkh khdg dqg wkh surmhfw duh nhsw wrjhwkhu1








￿E￿ ￿ @￿￿|bff n @r
,E￿ ￿ @,￿|E￿ ￿ bff￿o2c
zklfk lv srvlwlyh1
Uhvxow 4 fohduo| dovr krogv iru fdvhv lq zklfk hlwkhu wkh khdg ru wkh surmhfw lv qrw qhz=
iru dq| lqlwldo Rc ^c dqg b ’ R^c ixwxuh ydoxhv ri b duh lqfuhdvlqj lq wkh lqlwldo ydoxh1 Lq wkh
hpslulfdo vhfwlrq/ wkh khdg*v |hduv ri hgxfdwlrq lv xvhg dv d sur{| iru wkh pdqdjhu*v sulru
eholhi derxw klv txdolw|1
Vlqfh wkh ￿up rqo| rewdlqv @￿ li erwk lwv surmhfw dqg khdg duh jrrg/ dqg vlqfh Uhvxow
4 vkrzv wkdw kljkhu ydoxhv ri b wrgd| duh dvvrfldwhg zlwk kljkhu ixwxuh ydoxhv ri bc wkh
pdqdjhu rswlpdoo| edvhv klv ghflvlrqv hqwluho| rq zkhwkhu lw lv srvvleoh wr lqfuhdvh wkh mrlqw
suredelolw| wkdw wkh khdg dqg wkh surmhfw duh jrrg1 Lq zkdw iroorzv/ lw lv dvvxphg wkdw
hyhu| shulrg wkh pdqdjhu fdq uhsodfh hlwkhu wkh khdg ru wkh surmhfw ru erwk/ dqg wkdw wkh
wudqvdfwlrqv frvwv dvvrfldwhg zlwk wkhvh dfwlrqv duh qhjoljleoh1
Ohppd 4= Li uhsodfhphqwv pxvw frph iurp wkh srro ri qhz khdgv dqg surmhfwv/ wkhq
wkh pdqdjhu nhhsv dq lqfxpehqw khdg zlwk klv surmhfw dv orqj dv @r
￿E￿ ￿ @￿￿| ￿ @r
,E￿ ￿ @,￿|￿
9Wkdw lv/ dv orqj dv wkh sdvw revhuydwlrqv ri rxwsxw dqg qrq0rxwsxw duh pruh olnho| wr frph
iurp d jrrg surmhfw zlwk d jrrg khdg wkdq iurp hlwkhu d edg surmhfw ru d jrrg rqh uxq e|
d edg khdg/ wkhq wkh khdg dqg wkh surmhfw zloo eh nhsw wrjhwkhu1
Surri= Li d qhz khdg lv dvvljqhg wr dq h{lvwlqj surmhfw/ wkh suredelolw| wkdw wkh| duh
erwk jrrg lv jlyhq e| Rf^r|￿ Li dq h{lvwlqj khdg lv dvvljqhg wr d qhz surmhfw/ wkh suredelolw|
wkdw erwk duh jrrg lv jlyhq e| Rr|^f1 Li wkh wudqvdfwlrqv frvwv ri uhsodflqj wkh khdg ru wkh
surmhfw duh qhjoljleoh/ wkhq wkh pdqdjhu nhhsv dq lqfxpehqw khdg zlwk klv surmhfw dv orqj
dv br| ￿ Rf^r|cb r| ￿ Rr|^fc dqg br| ￿ Rf^f￿ Iluvw frqvlghu wkh ￿uvw lqhtxdolw|1 Xvlqj vwdqgdug
uhvxowv iurp suredelolw| wkhru|/
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￿E￿ ￿ @￿￿|Rf n @r
,E￿ ￿ @,￿|E￿ ￿ Rf￿
￿ Rf￿
Vlpsoh dojheud vkrzv wkdw wklv lqhtxdolw| krogv dv orqj dv @r
￿E￿￿@￿￿| ￿ @r
,E￿￿@,￿|￿ D vlplodu
dujxphqw hvwdeolvkhv wkdw br| ￿ Rr|^f dv orqj dv @r
￿E￿ ￿ @￿￿| ￿ @r
,E￿ ￿ @,￿|￿ Ilqdoo|/ xvlqj
wkh h{suhvvlrq iru br| lq htxdwlrq +514,/ vlpsoh dojheud vkrzv wkdw br| ￿ Rf^f dv orqj dv
@r
￿E￿ ￿ @￿￿| ￿ @r
,E￿ ￿ @,￿|￿
Ri frxuvh/ lq vrph fdvhv iru uhdvrqv rxwvlgh wkh vfrsh ri wkh irupdo prgho suhvhqwhg khuh/
wkh pdqdjhu pd| zlvk wr wudqvihu d khdg hyhq wkrxjk wkh khdg kdv qrw ehhq xqghushuirup0
lqj1 Wkh prgho fdq eh xvhg wr frqvlghu wkh h￿hfwv ri vxfk d wudqvihu rq uhvrxufh doorfdwlrq1
Vlploduo|/ qhz khdgv pd| eh dvvljqhg wr h{lvwlqj surmhfwv udwkhu wkdq mxvw qhz rqhv1 Wkh iro0
orzlqj uhvxow h{dplqhv wkhvh srvvlelolwlhv dqg ghwhuplqhv wkh h￿hfwv ri d uhvhdufkhu*v suhylrxv
h{shulhqfh rq uhvrxufh doorfdwlrq1
Uhvxow 5= Khdgv zkr rewdlq U)G h{shulhqfh ehiruh mrlqlqj wkhlu fxuuhqw xqlw uhfhlyh
pruh uhvrxufhv wkdq khdgv zkr odfn suhylrxv h{shulhqfh/ kroglqj surmhfw fkdudfwhulvwlfv
frqvwdqw1
:Surri= Vxssrvh wkdw surmhfw ￿c ri duelwudu| txdolw| ^c uhtxluhv d khdg1 Wkhuh duh wzr
fdqglgdwhv iru wkh srvlwlrq1 Rqh lv d uhvhdufkhu zkr kdv suhylrxv h{shulhqfh dv khdg ri
surmhfw ￿ iru rn| shulrgv dqg zdv qrw uhpryhg/ exw lv qrz dydlodeoh iru uhdvvljqphqw1 Wkh
rwkhu lv d qhz uhvhdufkhu1 Lq wklv fdvh/ wkh h{shfwhg rxwsxw lv kljkhu zlwk wkh h{shulhqfhg
khdg dv orqj dv Rr|^ ￿ Rf^1 Xvlqj wkh h{suhvvlrq iru Rr| lq htxdwlrq +515,/ vlpsoh dojheud
vkrzv wkdw Rr| ￿ Rf dv orqj dv @r
￿E￿ ￿ @￿￿| ￿ @r
,E￿ ￿ @,￿|￿ E| Ohppd 4/ wkh frqglwlrq
@r
￿E￿￿@￿￿| ￿ @r
,E￿￿@,￿| lv wkh vdph rqh wkdw hqvxuhv wkdw wkh khdg lv qrw uhpryhg dqg wkdw
wkh surmhfw lv qrw vkxw grzq1 Wkhuhiruh/ vlqfh wkh h{shulhqfhg uhvhdufkhu zdv qrw uhpryhg/
kh lv eholhyhg wr eh ehwwhu wkdq wkh qhz uhvhdufkhu/ dqg dv d uhvxow uhfhlyhv pruh uhvrxufhv1
Wkh qh{w uhvxow vkrzv wkdw lqfxpehqw khdgv uhfhlyh pruh uhvrxufhv wkdq qhz khdgv1 Lw lv
zruwk foduli|lqj wkh glvwlqfwlrq ehwzhhq Uhvxowv 5 dqg 61 Uhvxow 5 uhihuv wr U)G h{shulhqfh
rewdlqhg rq surmhfwv rwkhu wkdq wkh fxuuhqw rqh/ dqg Uhvxow 6 uhihuv wr h{shulhqfh rewdlqhg
dv khdg ri wkh fxuuhqw surmhfw1
Uhvxow 6= Lqfxpehqw khdgv uhfhlyh pruh uhvrxufhv wkdq qhz khdgv/ kroglqj rwkhu wklqjv
frqvwdqw1
Surri= Vxssrvh wkdw wkh pdqdjhu kdv wkh vdph xqfrqglwlrqdo eholhiv Rr| derxw wzr uh0
vhdufkhuv dqg wkdw wkhuh lv d vlqjoh surmhfw wkdw wkh pdqdjhu eholhyhv lv jrrg zlwk suredelolw|
^r|￿ Dvvxph wkdw rqh ri wkh uhvhdufkhuv kdv ehhq khdg ri wkh surmhfw iru r n | shulrgv zkloh
wkh rwkhu kdv qrw1 Lq wklv fdvh/ ehfdxvh wkh pdqdjhu kdv wkh vdph xqfrqglwlrqdo eholhiv
derxw wkh wzr uhvhdufkhuv/ wkh rqo| gl￿huhqfh ehwzhhq wkh wzr uhvhdufkhuv lv wkdw rqh kdv
ehhq zlwk wkh xqlw dqg wkh rwkhu kdv qrw1 Iru wkh lqfxpehqw khdg d vwuhdp ri revhuydwlrqv
rq wkh rxwsxw ri wkh khdg zlwk wkh surmhfw lv dydlodeoh1 Lq wklv fdvh/ wkh pdqdjhu doorfdwhv
pruh uhvrxufhv wr wkh surmhfw li wkh lqfxpehqw khdg lv lq fkdujh dv orqj dv br| ￿ Rr|^r|￿ Wkh
iroorzlqj dujxphqw hvwdeolvkhv wkdw br| ￿ Rr|^r| dv orqj dv @r
￿E￿ ￿ @￿￿| ￿ @r
,E￿ ￿ @,￿|￿ Zkhq
frpelqhg zlwk Ohppd 4/ wklv hvwdeolvkhv wkdw dv orqj dv dq lqfxpehqw khdg kdv qrw ehhq
uhpryhg/ kh uhfhlyhv pruh uhvrxufhv wkdq d qhz khdg zrxog/ kroglqj rwkhu wklqjv frqvwdqw1
Vxe lq iru br| xvlqj h{suhvvlrq +518, dqg vxe lq iru Rr| xvlqj h{suhvvlrq +515, wr vhh wkdw




￿E￿ ￿ @￿￿|Rf n @r
,E￿ ￿ @,￿|E￿ ￿ Rf￿
￿
@r
￿E￿ ￿@￿￿|Rf^f n @r
,E￿ ￿ @,￿|RfE￿ ￿ ^f￿
@r
￿E￿ ￿@￿￿|Rf^f n @r
,E￿ ￿ @,￿|E￿ ￿ Rf^f￿
￿
;Vlpsoh dojheud ghprqvwudwhv wkdw wklv krogv dv orqj dv @r
￿E￿ ￿ @￿￿| ￿ @r
,E￿ ￿ @,￿|￿
Lqfxpehqf| pdwwhuv ehfdxvh erwk wkh surmhfw dqg wkh khdg pxvw eh jrrg lq rughu iru wkh
xqlw wr eh pruh olnho| wr jhqhudwh rxwsxw1 Wkh lqirupdwlrq rewdlqhg e| wkh pdqdjhu iurp
revhuylqj wkh rxwsxw vwuhdp lv txlwh qrlv| ehfdxvh ri wkh wzr vrxufhv ri xqfhuwdlqw|/ exw li
wkh khdg dqg wkh surmhfw kdyh ehhq wrjhwkhu iru vrph shulrg/ wkhq vrph ri wkh xqfhuwdlqw|
fdq eh holplqdwhg= zkhq frpsxwlqj wkh mrlqw suredelolw| wkdw erwk duh jrrg/ wkh pdqdjhu
frpsxwhv wkh surgxfw ri klv frqglwlrqdo eholhiv derxw wkh khdg*v txdolw| dqg klv xqfrqglwlrqdo
eholhiv derxw wkh surmhfw*v txdolw|1 Dv orqj dv wkh rxwsxw vwuhdp kdv dsshduhg wr frph iurp
d jrrg surmhfw dqg khdg/ wkh uhgxfwlrq lq xqfhuwdlqw| pdnhv wkh pdqdjhu eholhyh wkdw wkh
khdg lv pruh olnho| wr eh ri kljk txdolw|1
Wkh suhylrxv wzr uhvxowv frqvlghu khdg uhsodfhphqwv1 Dqdorjrxv uhvxowv fdq eh rewdlqhg
iru wkh fdvh ri uhsodflqj surmhfwv1 Rqh ri wkh uhvxowv whvwhg ehorz fdq eh vxppdul}hg dv
iroorzv=
Uhvxow 7= Roghu xqlwv uhfhlyh pruh uhvrxufhv wkdq qhz xqlwv/ kroglqj khdg fkdudfwhulvwlfv
frqvwdqw1
Surri= Vxssrvh wkh pdqdjhu kdv d khdg zkr lv eholhyhg wr eh jrrg zlwk suredelolw| Rc
dqg qhhgv wr dvvljq klp wr d surmhfw1 Wkh ￿up kdv rqh rog surmhfw wkdw lv eholhyhg wr eh
jrrg zlwk suredelolw| ^r|c dqg d qhz surmhfw1 Lq wklv fdvh/ wkh h{shfwhg rxwsxw lv kljkhu zlwk
wkh rog surmhfw dv orqj dv R^r| ￿ R^f1 Xvlqj wkh h{suhvvlrq iru ^r| lq htxdwlrq +516,/ vlpsoh
dojheud vkrzv wkdw ^r| ￿ ^f dv orqj dv @r
￿E￿￿@￿￿| ￿ @r
,E￿￿@,￿|￿ Qrwh wkdw/ e| Ohppd 4/ wkh
frqglwlrq @r
￿E￿￿@￿￿| ￿ @r
,E￿￿@,￿| lv wkh vdph rqh wkdw hqvxuhv wkdw wkh khdg lv qrw uhpryhg
dqg wkdw wkh surmhfw lv qrw vkxw grzq1 Wkhuhiruh/ roghu xqlwv uhfhlyh pruh uhvrxufhv/ kroglqj
khdg fkdudfwhulvwlfv frqvwdqw1
Wkh deryh uhvxowv vxjjhvw wkdw xqlw uhvrxufhv duh srvlwlyho| uhodwhg wr lqlwldo lqglfdwruv
ri khdg dqg surmhfw txdolw|/ wkh khdg*v suhylrxv h{shulhqfh lq U)G/ wkh qxpehu ri |hduv wkh
khdg kdv ehhq khdg/ dqg wkh djh ri wkh xqlw1 Rqh dgglwlrqdo ihdwxuh ri wkh prgho wkdw dovr
ohdgv wr wklv uhodwlrqvkls lv wkh pdqdjhu*v lqlwldo dvvljqphqwv ri khdgv wr surmhfwv1 Vxssrvh
wkhuh duh wzr khdgv dqg wzr surmhfwv/ qrqh ri zklfk kdyh ehhq wrjhwkhu ehiruh/ dqg wkh
<pdqdjhu eholhyhv wkdw rqh khdg lv ehwwhu wkdq wkh rwkhu dqg rqh surmhfw lv ehwwhu wkdq wkh
rwkhu1 Krz vkrxog wkh khdgv dqg surmhfwv eh pdwfkhgB
Uhvxow 8= Li wkhuh duh wzr khdgv dqg wzr surmhfwv/ qrqh ri zklfk kdyh ehhq wrjhwkhu
ehiruh/ dqg wkh pdqdjhu eholhyhv wkdw rqh khdg lv ehwwhu wkdq wkh rwkhu dqg rqh surmhfw lv
ehwwhu wkdq wkh rwkhu/ wkh ehwwhu khdg lv pdwfkhg zlwk wkh ehwwhu surmhfw1
Surri= Vxssrvh wkdw wkh zruvh khdg dqg surmhfw duh eholhyhg wr eh jrrg zlwk suredelo0
lwlhv R dqg ^ uhvshfwlyho|/ dqg wkdw wkh ehwwhu khdg dqg surmhfw duh eholhyhg wr eh jrrg
zlwk suredelolwlhv R￿ ’ ￿R dqg ^￿ ’ >^c zkhuh ￿:￿ dqg >:￿￿ Vlqfh ￿:￿ dqg
>:￿c E￿ ￿ ￿￿E￿ ￿ >￿ : f￿ H{sdqglqj dqg uhduudqjlqj/ ￿> n￿:￿n >c zklfk lpsolhv
wkdw ￿R>^ n R^ : ￿R^ n R>^c zklfk fdq eh uhzulwwhq dv R￿^￿ n R^ : R￿^ n R^￿￿ Wklv odvw
lqhtxdolw| lpsolhv wkdw h{shfwhg rxwsxw lv kljkhu li wkh khdgv dqg surmhfwv duh pdwfkhg
dffruglqj wr wkhlu txdolwlhv1
Uhvxow D hvwdeolvkhv wkdw jrrg khdgv whqg wr eh pdwfkhg zlwk jrrg surmhfwv1 Wklv
surylghv dq dgglwlrqdo uhdvrq zk| lqglfdwruv ri khdg txdolw| wkdw fdq eh revhuyhg dw wkh
wlph dssrlqwphqw ghflvlrqv duh pdgh vkrxog eh srvlwlyho| fruuhodwhg zlwk wkh dprxqw ri
uhvrxufhv doorfdwhg wr wkh surmhfw1
Wkh ￿qdo uhvxow lq wklv vxevhfwlrq frqvlghuv krz uhprydo ghflvlrqv ghshqg rq sdvw h{shul0
hqfh1 Deryh lw zdv vkrzq wkdw li d qhz khdg dqg d qhz surmhfw duh lqlwldoo| sdluhg wrjhwkhu/
wkhq wkh uhwhqwlrq frqglwlrq lv wkh vdph iru erwk1 Lw lv ri vrph lqwhuhvw wr dvn/ zkdw li d
qhz khdg mrlqv dq hvwdeolvkhg surmhfwB Lqwxlwlyho|/ ehfdxvh wkh surmhfw pxvw kdyh kdg vrph
sdvw vxffhvvhv lq rughu wr vwloo h{lvw/ zkhuhdv wkh khdg kdv kdg qr vxffhvvhv/ wkh pdqdjhu
zloo dozd|v eh pruh olnho| wr eholhyh wkh khdg lv edg wkdq wkh surmhfw lv edg1 Wkh qh{w uhvxow
frq￿upv wklv1
Uhvxow 9= Li d qhz khdg mrlqv dq hvwdeolvkhg surmhfw dqg wkh xqlw odwhu shuirupv srruo|/
wkh khdg zloo dozd|v eh uhsodfhg ehiruh wkh surmhfw lv vkxw grzq/ li vkxw0grzq rffxuv1
Surri= Ghqrwh wkh pdqdjhu*v lqlwldo eholhi derxw wkh surmhfw txdolw| dw wkh wlph wkh
khdg dqg surmhfw duh pdwfkhg e| ^￿c zkhuh ^￿ pxvw eh dwh ohdvw ^f +rwkhuzlvh wkh surmhfw
zrxog kdyh ehhq vkxw grzq,1 Ohppd 4 vkrzv wkdw d qhz khdg lv uhpryhg li dqg rqo| li
@r
￿E￿￿@￿￿| ￿@ r
,E￿￿@,￿|￿ Zh zloo vkrz wkdw wkh surmhfw lv dozd|v nhsw dv orqj dv @r
￿E￿￿@￿￿| ￿
43@r
,E￿ ￿ @,￿|c dqg pd| dovr eh nhsw li @r
￿E￿ ￿ @￿￿| ￿@ r
,E￿ ￿ @,￿|c dv orqj dv ^￿ lv kljk hqrxjk1
Diwhu r vxffhvvhv dqg | idloxuhv zlwk wkh qhz khdg/ wkh pdqdjhu nhhsv wkh surmhfw dv orqj dv
￿hi wkh surmhfw lv jrrg jlyhq wkdw wkh khdg lv jrrg jRr| ￿ Rr|^f￿
Vxevwlwxwlqj lq iru ￿hi wkh surmhfw lv jrrg jlyhq wkdw wkh khdg lv jrrg j dqg fdqfhoolqj




￿E￿ ￿@￿￿|^￿ n @r
,E￿ ￿@,￿|E￿ ￿ ^￿￿
￿ ^f
Wklv lqhtxdolw| krogv dv orqj dv @r
￿E￿ ￿ @￿￿|^￿E￿ ￿ ^f￿ ￿ @r
,E￿ ￿ @,￿|^fE￿ ￿ ^￿￿￿ Li ^￿ :^ f/
wklv lqhtxdolw| lv dozd|v vdwlv￿hg zkhq @r
￿E￿ ￿ @￿￿| ￿ @r
,E￿ ￿ @,￿|c dqg fdq eh vdwlv￿hg zkhq
@r
￿E￿￿@￿￿| ￿@ r
,E￿￿@,￿| dv orqj dv ^￿ lv vx!flhqwo| juhdwhu wkdq ^f￿ Wkhuhiruh/ wkh khdg pxvw
eh uhpryhg ehiruh wkh surmhfw lv vkxw grzq1
Uhvxow S hvwdeolvkhv rqh uhdvrq zk| wkh wxuqryhu ri khdgv pd| eh kljkhu wkdq wkh wxuqryhu
ri xqlwv1 Wkh sdwwhuq ri khdg wxuqryhu h{fhhglqj xqlw wxuqryhu dsshduv lq wkh gdwd glvfxvvhg
ehorz1
5141 Dgglwlrqdo Lpsolfdwlrqv iru Furvv0Vhfwlrqdo Gdwd
Vlqfh wkh gdwd vhw xvhg ehorz lv d furvv vhfwlrq ri uhvhdufk xqlwv/ wklv vxevhfwlrq glvfxvvhv
vrph ri wkh prgho*v lpsolfdwlrqv iru furvv0vhfwlrqdo gdwd1 Wr idflolwdwh wkh olqn ehwzhhq wkh
prgho dqg wkh gdwd/ lw lv lpsolflwo| dvvxphg wkdw d ￿xqlw￿ lq wkh gdwd kdv d vlqjoh ￿surmhfw￿
dv ghvfulehg lq wkh prgho1 Wkdw lv/ wkh hpslulfdo frxqwhusduw ri wkh ￿surmhfw￿ lv vlpso|
zkdwhyhu dfwlylwlhv wkh xqlw xqghuwdnhv1
Wkh ￿uvw lpsolfdwlrq lv wkdw roghu xqlwv vkrxog eh odujhu rq dyhudjh/ dqg wkh yduldqfh
lq vl}h vkrxog eh odujh dprqj roghu xqlwv1 Wr vhh wklv/ vxssrvh wkdw dw wlph fc d jurxs ri
pdqdjhuv gudz qhz khdgv dqg uhvhdufk surmhfwv iurp wkh vdph glvwulexwlrqv/ vr wkh lqlwldo
eholhiv ri doo pdqdjhuv duh Rf dqg ^f1 Frqvlghu krz xqlw vl}h hyroyhv ryhu wlph1 Dw wlph
fc xqlwv duh doorfdwhg uhvrxufhv dffruglqj wr wkh pdqdjhuv* eholhiv derxw wkh olnholkrrg wkdw
rxwsxw rffxuv1 Wkhuhiruh/ doo xqlwv uhfhlyh wkh vdph dprxqw ri uhvrxufhv1 Dv pdqdjhuv
revhuyh gl￿huhqw rxwsxw ryhu wlph/ wkh| xsgdwh wkhlu eholhiv wr rewdlq gl￿huhqw ydoxhv ri
44bc zklfk ohdgv wr juhdwhu yduldelolw| lq vl}h lq wkh frkruw1 Ixuwkhu/ wkh pdqdjhuv vkxw
grzq xqghu0shuiruplqj xqlwv dqg whqg wr doorfdwh pruh uhvrxufhv wr wkh xqlwv wkdw vxuylyh1
Wkhuhiruh/ wkh dyhudjh vl}h ri d xqlw lq whupv ri uhvrxufhv whqgv wr jurz ryhu wlph/ frqglwlrqdo
rq vxuylydo1 Lq d furvv vhfwlrq zlwk pdq| djh fdwhjrulhv/ wkh roghu xqlwv zrxog eh odujhu rq
dyhudjh dqg kdyh pruh yduldwlrq lq vl}h1
Dv ￿upv lq wkh gdwd xvhg ehorz duh lq gl￿huhqw frxqwulhv dqg gl￿huhqw ￿hogv/ dqg duh
vxuyh|hg dw gl￿huhqw srlqwv lq wlph/ lw lv xqolnho| wkdw wkh pdqdjhuv gudz wkhlu khdgv iurp
d frpprq srro1 Lq wkh gdwd/ khdgv gl￿hu e| U)G h{shulhqfh dqg hgxfdwlrq ohyho1 Dovr/ lw
lv srvvleoh wkdw ￿upv surprwh iurp zlwklq/ vr pdqdjhuv pljkw kdyh vrph lqirupdwlrq derxw
wkhlu qhz khdgv wkdw rwkhu ￿upv gr qrw kdyh1 Ehfdxvh ri wklv/ pdqdjhuv kdyh gl￿huhqw
sulruv derxw wkh txdolw| ri qhz khdgv1 Vlqfh qhz khdgv gl￿hu/ xqlw vl}h lv h{shfwhg wr kdyh
pruh yduldwlrq wkdq lq wkh fdvh zkhuh doo pdqdjhuv gudz wkhlu khdgv iurp d frpprq srro1
Krzhyhu/ wkh deryh frqfoxvlrqv derxw krz xqlw vl}h hyroyhv vwloo dsso|1
61 Hpslulfdo Uhvxowv
6141 Wkh Gdwd
Wkh gdwd lv iurp wkh Lqwhuqdwlrqdo Frpsdudwlyh Vwxg| rq wkh Pdqdjhphqw/ Surgxfwlylw|/
dqg H￿hfwlyhqhvv ri Uhvhdufk Whdpv dqg Lqvwlwxwlrqv/ dq lqwhuqdwlrqdo vwxg| ri uhvhdufk xqlwv
frqgxfwhg e| XQHVFR lq wkh |hduv 4<:40;<1 Uhvhdufk xqlwv ri ydulrxv rujdql}dwlrqv iurp
vhyhudo frxqwulhv zhuh vxuyh|hg dw gl￿huhqw srlqwv lq wlph/ dqg rujdql}dwlrqv zhuh vxuyh|hg
rqo| rqfh +wkhuhiruh wkh gdwd lv furvv0vhfwlrqdo,1 Wkh w|shv ri rujdql}dwlrqv vxuyh|hg lqfoxghv
xqlyhuvlwlhv/ jryhuqphqw uhvhdufk lqvwlwxwlrqv/ frrshudwlyh uhvhdufk lqvwlwxwlrqv/ dqg ￿upv1
Iru wklv vwxg|/ uhvhdufk xqlwv ehorqjlqj wr ￿upv lqyroyhg lq hlwkhu djulfxowxuh/ fkhplvwu|/
sk|vlfv/ ru wkh whfkqlfdo vflhqfhv duh vhohfwhg1 Wkh frxqwulhv uhsuhvhqwhg lq wkh gdwd xvhg
khuh duh Dxvwuld/ Ehojlxp/ Eud}lo/ Hj|sw/ Ilqodqg/ Kxqjdu|/ Nruhd/ Qljhuld/ dqg Vsdlq1
D uhvhdufk xqlw lv gh￿qhg lq wkh vxuyh| dv wkh vpdoohvw jurxs ri shuvrqv iruplqj d fr0
khuhqw fhoo zlwk d uhfrjql}hg ohdghu/ kdylqj wkh iroorzlqj fkdudfwhulvwlfv=
41 Wkh xqlw fduulhv rxw dw ohdvw rqh uhvhdufk surmhfw1
4551 Wkh xqlw kdv dw ohdvw wkuhh fruh phpehuv +lqfoxglqj wkh khdg,1
61Wkh xqlw kdv ehhq lq h{lvwhqfh iru dw ohdvw kdoi d |hdu dqg kdv d wrwdo h{shfwhg olih vsdq
ri dw ohdvw rqh |hdu1
D fruh phpehu lv d shuvrq zkr ghyrwhv dw ohdvw ; krxuv shu zhhn wr wkh zrun ri wkh xqlw dqg
zkr kdv frppxqlfdwlrq +gluhfw ru lqgluhfw, zlwk wkh xqlw*v khdg dw ohdvw rqfh hdfk prqwk1
Xqlwv duh w|slfdoo| vpdoo +vhh Wdeoh 41 ehorz,1
Wkhruhwlfdo uhvxowv ￿0e suhglfw wkdw wkh dprxqw ri uhvrxufhv doorfdwhg wr d khdg ri d
uhvhdufk xqlw ghshqgv rq lqglfdwruv ri khdg txdolw| wkdw fdq eh revhuyhg dw wkh wlph kh
ehfrphv khdg/ klv U)G h{shulhqfh/ klv ohqjwk ri whqxuh dv khdg/ dqg wkh djh ri wkh xqlw1
Uhvxow D hvwdeolvkhv wkdw xqlw vl}h lv fruuhodwhg zlwk khdg txdolw| iru dqrwkhu uhdvrq dv zhoo
0 khdgv zkr duh eholhyhg wr eh ehwwhu duh dvvljqhg wr xqlwv wkdw duh eholhyhg wr eh ehwwhu1
Wr lqyhvwljdwh wkhvh fodlpv hpslulfdoo|/ d phdvxuh ri wkh uhvrxufhv doorfdwhg wr wkh khdg lv
uhtxluhg1 Dv oderu lv dq lpsruwdqw lqsxw lq uhvhdufk xqlwv/ wkh sur{| iru uhvrxufhv lv wkh
qxpehu ri vflhqwlvwv lq wkh xqlw1 Wkh iroorzlqj htxdwlrq lv hvwlpdwhg=
rS￿ ’ sE@}ece_￿Sch{sc+or￿e@_cSJ￿?|o+*|+Re _￿66￿er￿
Wkh ghshqghqw yduldeoh lv rS￿ +qxpehu ri vflhqwlvwv lq wkh xqlw,1 Wkh lqghshqghqw yduldeohv
duh @}e +djh ri wkh xqlw,/ e_￿S +|hduv ri hgxfdwlrq ri wkh khdg,/ h{s +|hduv ri U)G h{shulhqfh
ri wkh khdg ehiruh ehfrplqj khdg ri wkh xqlw,/ +or￿e@_ +qxpehu ri |hduv wkh khdg kdv ehhq
khdg ri wkh xqlw,/ dqg vhyhudo frxqwu|2xqlw w|sh gxpp| yduldeohv1 Wkh frxqwu|2xqlw w|sh
gxpplhv wdnh wkh ydoxh 4 iru vshfl￿f frxqwu|2xqlw w|shv dqg 3 iru doo rwkhu frxqwu|2xqlw
w|shv +iru h{dpsoh/ s￿?S￿ htxdov 4 iru uhvhdufk xqlwv lq fkhplfdo ￿upv lq Ilqodqg dqg 3
rwkhuzlvh,1 Rqfh revhuydwlrqv zlwk plvvlqj ydoxhv duh h{foxghg wkhuh duh 2eD revhuydwlrqv1
Qrwh wkdw/ xqolnh uhvrxufhv lq wkh prgho/ wkh qxpehu ri vflhqwlvwv fdq eh h{shfwhg wr
lq xhqfh wkh olnholkrrg ri jhqhudwlqj rxwsxw1 Krzhyhu/ doorzlqj iru wklv h￿hfw lq wkh prgho
zrxog qrw olnho| fkdqjh wkh uhvxowv1 Wkh prgho*v uhvxowv uho| rq wzr vhwv ri dvvxpswlrqv/
wkh Uhvrxufhv Dvvxpswlrq dqg wkh dvvxpswlrqv rq @1 Wkh pdlq frqwhqw ri wkh Uhvrxufhv
Dvvxpswlrq lv wkdw d pdqdjhu doorfdwhv pruh uhvrxufhv wr xqlwv wkdw kh eholhyhv duh pruh
olnho| wr kdyh jrrg rssruwxqlwlhv iru jhqhudwlqj rxwsxw ehfdxvh ri wkh txdolw| ri wkh surmhfwv
46dqg khdgv1 Wklv lv d uhdvrqdeoh dvvxpswlrq hyhq li uhvrxufhv lq xhqfh wkh olnholkrrg ri
jhqhudwlqj rxwsxw1 Wkh dvvxpswlrqv rq @ lpso| wkdw d pdqdjhu fdqqrw xvh uhvrxufh dgmxvw0
phqwv wr khos glvhqwdqjoh wkh h￿hfwv ri surmhfw txdolw| iurp wkh h￿hfwv ri khdg txdolw|1 Wklv
dovr vhhpv uhdvrqdeoh1 Hyhq li uhvrxufh dgmxvwphqwv lqfuhdvh wkh vshhg ri ohduqlqj derxw bc
wkh pdqdjhu vwloo kdv wr uho| rq klv eholhiv wr ghwhuplqh zkhwkhu wkh surmhfw ru wkh khdg lv
wkh sureohp lq d srruo|0shuiruplqj xqlw1 Wkhuhiruh/ zkloh lqwurgxflqj wkh lqwhudfwlrqv ri
uhvrxufh doorfdwlrq zlwk wkh hyroxwlrq ri eholhiv lqwr wkh dqdo|vlv zrxog doorz d ydulhw| ri
dgglwlrqdo lqwhuhvwlqj lvvxhv wr eh h{soruhg/ lw lv olnho| wkdw wkh frqfoxvlrqv suhvhqwhg deryh
zrxog vwloo eh ydolg1
Vxppdu| vwdwlvwlfv iru wkh yduldeohv xvhg lq wkh uhjuhvvlrq duh jlyhq lq Wdeoh ￿1 Wkh
vxppdu| vwdwlvwlfv vxjjhvw wkdw vrph w|sh ri vhohfwlrq surfhvv lv rshudwlqj= erwk wkh djh ri
wkh xqlw dqg wkh |hduv dv khdg glvwulexwlrqv duh vnhzhg wr wkh uljkw/ vr prvw xqlwv dqg khdgv
duh uhodwlyho| qhz/ dqg ihz uhdfk rog djh1 Ixuwkhu/ prvw khdgv duh |rxqjhu wkdq wkh xqlwv
wkdw wkh| ohdg1 Wkhvh idfwv vkrz wkdw pdq| |rxqj xqlwv duh vkxw grzq ehiruh wkh| uhdfk rog
djh/ dqg wkdw khdgv duh qrw lghqwl￿hg zlwk wkh xqlw/ dqg fdq ohdyh dqg duulyh zkloh wkh xqlw
frqwlqxhv wr vxuylyh1 Wkhvh idfwv duh frqvlvwhqw zlwk Uhvxow S ghvfulehg deryh/ exw wkhuh duh
rwkhu srvvleoh h{sodqdwlrqv1 Dgglwlrqdo h{sodqdwlrqv iru wkh hpslulfdo uhvxowv rewdlqhg khuh
duh eulh | glvfxvvhg lq wkh frqfoxvlrq1
6151 Wkh Uhvxowv
Wkh wkhruhwlfdo prgho vxjjhvwv wkdw wkh qxpehu ri vflhqwlvwv lv lqfuhdvlqj lq wkh djh ri wkh
xqlw/ wkh |hduv ri hgxfdwlrq ri wkh khdg/ wkh |hduv ri U)G h{shulhqfh wkh khdg kdv ehiruh
ehfrplqj khdg/ dqg wkh qxpehu ri |hduv wkh khdg kdv ehhq khdg1 Wkh prgho grhv qrw
hvwdeolvk zklfk h￿hfwv duh wkh prvw lpsruwdqw/ dqg wkh hpslulfdo uhvxowv vkhg vrph oljkw rq
wkh uhodwlyh lpsruwdqfh ri wkh ydulrxv idfwruv1
Wzr nh| idfwruv ghwhuplqh wkh hfrqrphwulf vshfl￿fdwlrq1 Iluvw/ vlqfh wkh ghshqghqw
yduldeoh lv lqwhjhu0ydoxhg/ d frxqw gdwd prgho lv dssursuldwh1 Vhfrqg/ vlqfh wkh wkhruhwlfdo
prgho suhglfwv wkdw xqlw vl}h lv pruh yduldeoh lq frkruwv wkdw kdyh roghu xqlwv dqg pruh
h{shulhqfhg khdgv/ lw lv lpsruwdqw wr doorz iru furvv0vhfwlrq khwhurjhqhlw| +ryhuglvshuvlrq ri
wkh qxpehu ri vflhqwlvwv,1 Wkh qhjdwlyh elqrpldo frxqw gdwd prgho +ghvfulehg lq ghwdlo e|
47Juhhqh +5333,, lv dssursuldwh lq vxfk d fdvh1 Lq wkh qhjdwlyh elqrpldo prgho/ wkh frqglwlrqdo
phdq qxpehu ri vflhqwlvwv lv d ixqfwlrq ri wkh yduldeohv ri lqwhuhvw dqg d xqlw0vshfl￿f vkrfn=
.ErS￿￿￿’e
q￿%￿n"￿ ’ ￿￿￿￿c
zkhuh %￿ uhsuhvhqwv wkh yduldeohv ri lqwhuhvw/ ￿￿ ’ eq￿%￿ dqg ￿￿ ’ e"￿1 Xqghu wkh dvvxpswlrq
wkdw ￿￿ kdv d jdppd glvwulexwlrq zlwk phdq ￿ dqg yduldqfh kc wkh ghqvlw| ri rS￿￿ frqgl0
wlrqdo rq %￿ kdv frqglwlrqdo phdq ￿￿ dqg frqglwlrqdo yduldqfh ￿￿E￿nk￿￿￿c zkhuh k phdvxuhv
ryhuglvshuvlrq uhodwlyh wr wkh Srlvvrq glvwulexwlrq1 Wkdw lv/ wkh Srlvvrq prgho lv h{dfwo| olnh
wkh qhjdwlyh elqrpldo prgho h{fhsw wkdw k ’ fc vr lw uhvwulfwv wkh frqglwlrqdo yduldqfh wr eh
wkh vdph dv wkh frqglwlrqdo phdq/ zkloh wkh qhjdwlyh elqrpldo prgho doorzv wkh frqglwlrqdo
yduldqfh wr eh odujhu1 Erwk ROV dqg Srlvvrq uhvxowv duh lqfoxghg ehorz iru frpsdulvrq1 Wkh
ROV prgho grhv qrw wdnh lqwr dffrxqw wkh idfw wkh wkh ghshqghqw yduldeoh lv frxqw gdwd> rS￿￿
lv vlpso| uhjuhvvhg rq %￿￿
Wdeoh 2 uhsruwv wkh hvwlpdwlrq uhvxowv iru wkh wkuhh prghov1 Lq ￿ frxqwu|2xqlw w|sh
fdvhv/ xqlw vl}h lv shuihfwo| suhglfwhg e| wkh frxqwu|2xqlw w|sh1 Wkhvh revhuydwlrqv duh
h{foxghg iurp wkh hvwlpdwlrq urxwlqhv1 Doo wkuhh vhwv ri uhvxowv vxjjhvw wkdw wkhuh lv d
srvlwlyh uhodwlrqvkls ehwzhhq xqlw vl}h dqg wkh irxu yduldeohv ri lqwhuhvw1 Wkh ryhuglvshuvlrq
sdudphwhu ri wkh qhjdwlyh elqrpldo prgho/ k/ lv vwdwlvwlfdoo| vljql￿fdqw dw wkh 4( ohyho/ zklfk
vxjjhvwv wkdw wkhuh lv vxevwdqwldo furvv0vhfwlrqdo khwhurjhqhlw|/ dqg wkdw wkh uhvwulfwlrq wr
wkh Srlvvrq prgho fdq eh uhmhfwhg1 Dv phqwlrqhg deryh/ wklv lv frqvlvwhqw zlwk wkh zd| wkh
prgho suhglfwv xqlw vl}h wr hyroyh ryhu wlph1
Vlqfh vrph ri wkh xqlwv duh idluo| odujh/ Wdeoh ￿ fkhfnv wkh urexvwqhvv ri wkh uhvxowv e|
holplqdwlqj xqlwv zlwk pruh wkdq 2f vflhqwlvwv1 Wkh uhvxowv vkrz wkdw wkh h￿hfwv ri wkh irxu
yduldeohv ri lqwhuhvw duh vwloo suhvhqw/ exw duh ohvv surqrxqfhg/ dqg wkh h￿hfw ri wkh |hduv ri
h{shulhqfh ri wkh khdg lv vwdwlvwlfdoo| lqvljql￿fdqw1
Wdeoh e uhsruwv wkh hvwlpdwhg pdujlqdo h￿hfwv ri wkh yduldeohv ri lqwhuhvw rq wkh h{shfwhg
xqlw vl}h1 Wkh uhvxowv duh edvhg rq wkh qhjdwlyh elqrpldo prghov lq Wdeohv 2 dqg ￿1L qe r w k
fdvhv/ wkh h￿hfw ri dq dgglwlrqdo |hdu ri hgxfdwlrq kdv wkh odujhvw uhodwlrqvkls zlwk xqlw vl}h/
dqg dq dgglwlrqdo |hdu dv khdg ri wkh xqlw kdv wkh qh{w odujhvw lpsdfw1 Urxjko|/ edvhg rq
wkh frh!flhqwv iurp Wdeoh 2c rq dyhudjh rqh h{wud vflhqwlvw lv dgghg li hlwkhu wkh khdg kdv
48e dgglwlrqdo |hduv ri hgxfdwlrq/ . dgglwlrqdo |hduv dv khdg ri wkh xqlw/ b dgglwlrqdo |hduv ri
h{shulhqfh ehiruh mrlqlqj wkh xqlw/ ru li wkh xqlw lv ￿. |hduv roghu1
71 Frqfoxvlrq
Wklv sdshu kdv suhvhqwhg d vlpsoh vhohfwlrq prgho ri wkh ghwhuplqdqwv ri wkh vsdq ri frqwuro
ri wkh khdgv ri vpdoo jurxsv dqg dssolhg wkh prgho wr vwxg| uhvhdufk xqlwv lq ￿upv1 Wkh
whvw uhvxowv ghprvwudwh wkdw xqlw vl}h lv srvlwlyho| uhodwhg wr xqlw djh dv zhoo dv wkh khdg*v
hgxfdwlrq/ U)G h{shulhqfh/ dqg |hduv dv khdg1 Wkh vhohfwlrq prgho r￿huv rqh h{sodqdwlrq
iru wkh revhuyhg idfwv= Lq wkh prgho/ qhz khdgv zlwk kljk hgxfdwlrq dqg suhylrxv h{shulhqfh
duh pdwfkhg zlwk ehwwhu xqlwv/ dqg ehwwhu xqlwv duh odujhu1 Vhfrqg/ wkh vhohfwlrq g|qdplfv
lpso| wkdw li wkh xqlw khdg uhpdlqv khdg/ kh uhfhlyhv pruh uhvrxufhv hdfk shulrg wkdq d qhz
khdg ri frpsdudeoh txdolw| zrxog eh deoh wr rewdlq1 Wklug/ roghu xqlwv kdyh ehhq uhyhdohg
ryhu wlph wr eh surgxfwlyh/ dqg dv d uhvxow duh doorfdwhg pruh uhvrxufhv1 Ilqdoo|/ wkh prgho
dffrxqwv iru wkh revhuyhg ryhuglvshuvlrq ri xqlw vl}h 0 wklv lv d qdwxudo rxwfrph zkhq gl￿huhqw
xqlwv uhfhlyh gl￿huhqw rxwsxw vkrfnv ryhu wlph1
Dowkrxjk vhohfwlrq g|qdplfv olnho| sod| d uroh lq ghwhuplqlqj xqlw vl}h/ fohduo| rwkhu
idfwruv fdq dffrxqw iru vrph ri wkh revhuyhg sdwwhuqv lq wkh gdwd1 Iru h{dpsoh/ ohduqlqj
e| grlqj frxog h{sodlq zk| roghu xqlwv dqg xqlwv zlwk orqjhu0vhuylqj khdgv whqg wr uhfhlyh
pruh uhvrxufhv1 Lw lv gl!fxow wr rewdlq vkdus glvwlqfwlrqv ehwzhhq d vhohfwlrq prgho dqg d
ohduqlqj e| grlqj prgho jlyhq wkh dydlodeoh gdwd1 Dv qrwhg/ wkh vxppdu| vwdwlvwlfv vxjjhvw
wkdw vrph w|sh ri vhohfwlrq surfhvv lv rshudwlqj= wkh idfwv vkrz wkdw pdq| |rxqj xqlwv duh
vkxw grzq ehiruh wkh| uhdfk rog djh/ dqg wkdw khdgv duh qrw lghqwl￿hg zlwk wkh xqlw/ dqg fdq
ohdyh dqg duulyh zkloh wkh xqlw frqwlqxhv wr vxuylyh1 Krzhyhu/ wkhvh idfwv fdqqrw hvwdeolvk
wkdw wkh h{dfw vhohfwlrq surfhvv rxwolqhg lq wkh wkhruhwlfdo prgho deryh lv uhvsrqvleoh iru
wkh revhuyhg sdwwhuqv1 Hpsor|hhv fdq hqwhu dqg ohdyh uhvhdufk xqlwv iru d ydulhw| ri uhdvrqv
lqfoxglqj surprwlrqv dqg ghsduwxuhv iurp wkh ￿up/ dqg xqlwv fdq eh vkxw grzq ehfdxvh ri
h{whuqdo vkrfnv ru hyroxwlrqdu| wuhqgv lq wkh pdunhw wkdw pdnh wkhp qr orqjhu uhtxluhg1
Ixuwkhu zrun frxog h{soruh wkh lpsdfw ri wkhvh ydulrxv idfwruv rq wkh vsdq ri frqwuro ri vpdoo
jurxs khdgv1
49Uhihuhqfhv
^4‘ Djklrq/ Sklolssh/ dqg Wluroh/ Mhdq1 ￿Wkh Pdqdjhphqw ri Lqqrydwlrq1￿ Wkh Txduwhuo|
Mrxuqdo ri Hfrqrplfv1 Qryhpehu +4<<7d,= 44;80453<1
^5‘ Djklrq/ Sklolssh/ dqg Wluroh/ Mhdq1 ￿Rshqlqj wkh Eodfn Er{ ri Lqqrydwlrq1￿ Hxurshdq
Hfrqrplf Uhylhz1 6; +4<<7e,= :340:431
^6‘ Djklrq/ Sklolssh/ dqg Wluroh/ Mhdq1 ￿Vrph Lpsolfdwlrqv ri Jurzwk iru Rujdql}dwlrqdo
Irup dqg Rzqhuvkls Vwuxfwxuh1￿ Hxurshdq Hfrqrplf Uhylhz1 6< +4<<8,= 77307881
^7‘ Djklrq/ Sklolssh/ dqg Wluroh/ Mhdq1 ￿Irupdo dqg Uhdo Dxwkrulw| lq Rujdql}dwlrqv1￿
Mrxuqdo ri Srolwlfdo Hfrqrp|1 438 +4, +4<<:,= 405<1
^8‘ Jlopdq/ Mrkq M1 Lqyhqwlylw|1 Wkh Duw dqg Vflhqfh ri Uhvhdufk Pdqdjhphqw1 Qhz \run=
Ydq Qrvwudqg Uhlqkrog1 +4<<5,1
^9‘ Juhhqh/ Zlooldp K1 Hfrqrphwulf Dqdo|vlv1 7wk hg1 Xsshu Vdggoh Ulyhu= Suhqwlfh0Kdoo/
53331
^:‘ Kduulv/ Plowrq/ dqg Kropvwurp/ Ehqjw1 ￿D Wkhru| ri Zdjh G|qdplfv1￿ Uhylhz ri
Hfrqrplf Vwxglhv1 [OL[ +4<;5,= 6480661
^;‘ Ndw}/ Udosk/ dqg Doohq/ Wkrpdv M1 ￿Krz Surmhfw Shuirupdqfh lv Lq xhqfhg e| wkh
Orfxv ri Srzhu lq wkh U)G Pdwul{1￿ lq Wkh Kxpdq Vlgh ri Pdqdjlqj Whfkqrorjlfdo
Lqqrydwlrq1/ Udosk Ndw}/ hg1/ R{irug Xqlyhuvlw| Suhvv +4<<:,1
^<‘ Pdfohrg/ Z1 Ehqwoh|/ dqg Pdofropvrq/ Mdphv P1 ￿Uhsxwdwlrq dqg Klhudufk| lq G|0
qdplf Prghov ri Hpsor|phqw1￿ Mrxuqdo ri Srolwlfdo Hfrqrp|1 <9 +7, +4<;;,= ;650871
^43‘ Plojurp/ Sdxo U1/ dqg Urehuwv/ Mrkq1 Hfrqrplfv/ Rujdql}dwlrq dqg Pdqdjhphqw1 Qhz
\run= Suhqwlfh Kdoo/ 4<<51
^44‘ Wkruqh/ Sdxo1 Rujdql}lqj Jhqlxv= Wkh Sxuvxlw ri Frusrudwh Fuhdwlylw|1 Fdpeulgjh=
Eodfnzhoo/ 4<<51
4:^45‘ Xqlwhg Qdwlrqv Hgxfdwlrqdo/ Vflhqwl￿f/ dqg Fxowxudo Rujdql}dwlrq +XQHVFR,1 Lqwhu0
qdwlrqdo Frpsdudwlyh Vwxg| rq wkh Pdqdjhphqw/ Surgxfwlylw|/ dqg H￿hfwlyhqhvv ri Uh0
vhdufk Whdpv dqg Lqvwlwxwlrqv +LFVRSUX,/ 4<:404<;<1 ^Frpsxwhu Iloh‘1 Sdulv= Xqlwhg
Qdwlrqv Hgxfdwlrqdo/ Vflhqwl￿f/ dqg Fxowxudo Rujdql}dwlrq +XQHVFR, ^surgxfhu‘/ 4<<31
Dqq Dueru/ PL= Lqwhu0xqlyhuvlw| Frqvruwlxp iru Srolwlfdo dqg Vrfldo Uhvhdufk ^glvwule0
xwru‘/ 4<<41
^46‘ Zkhhozuljkw/ Vwhyhq F1/ dqg Fodun/ Nlp E1 Uhyroxwlrql}lqj Surgxfw Ghyhorsphqw1 Qhz
\run= Iuhh Suhvv/ 4<<51
4;Table 1. Summary Statistics (245 observations) 
Variable Median  Mean  Std.  Dev.  Minimum  Maximum 
Number of Scientists  4.00 5.48 6.45 0.00 61.00 
Age of the Unit  6.00  10.11 10.49 0.00  57.00 
Years of Experience Prior to 
Becoming Head 
6.00 7.76 6.78 0.00 34.00 
Years as Head  3.00 5.13 5.59 0.00 38.00 














































 Table 2. Determinants of Research Unit Size, as Measured by the Number of Scientists in the Unit 
(242 observations) 




Variable  Coefficient Std.  Error Coefficient Std.  Error Coefficient Std.  Error 
        
constant  -6.36*  3.86 -0.72**  0.31 -0.48  0.61 
Age of the Unit  0.071 0.044 0.011***  0.0029  0.011**  0.0047 
Years of 
Education 
0.30** 0.15  0.058***  0.011  0.051**  0.023 
Years of 
Experience 
0.11* 0.062 0.020***  0.0043  0.021**  0.0094 
Years as Head  0.21**  0.085  0.036*** 0.0052  0.028*** 0.0072 
        
auste  3.90*  2.32 0.88***  0.21 0.80*  0.42 
belte  3.70 2.68 0.81***  0.22 0.72*  0.42 
brach  1.29 4.21 0.27 0.40 0.19 1.09 
braph  3.51 3.10 0.82***  0.26 0.76 0.53 
brate  2.95 2.64 0.68***  0.24 0.63 0.49 
finag  2.50 2.83 0.51**  0.25 0.60 0.46 
finch  2.40 2.68 0.56**  0.24 0.47 0.46 
finph  12.15** 4.82  1.76*** 0.28  1.73*** 0.66 
finte  5.66**  2.61 1.22***  0.23 1.11***  0.43 
hunag  3.50 3.81 0.84***  0.30 0.80 0.57 
hunch  8.50*** 3.24  1.52*** 0.24  1.44*** 0.48 
hunph  16.91***  4.82 1.98***  0.26 1.79***  0.53 
hunte  2.28 4.87 0.38 0.49 0.27 6.57 
korch  6.08 4.89 1.31***  0.37 1.19 1.31 
korph  6.90*  4.24 1.45***  0.32 1.31 1.16 
korte  7.05*  3.83 1.47***  0.29 1.34 0.85 
nigte  7.46 4.84 1.44***  0.32 1.40**  0.66 
spach  2.32 2.93 0.59**  0.26 0.49 0.49 
spaph  2.73 3.73 0.70**  0.31 0.65 0.87 
spate  1.84 2.39 0.43**  0.22 0.38 0.42 
        
alpha  - - - - 0.31***  0.047 
        
R-squared  0.18   -   -   
Log Likelihood  -766.68   -755.96   -611.27  
Restricted Log 
Likelihood 
-791.35   -901.54   -755.96  
The country/unit-type dummies are constructed as follows: Countries are coded by the first three letters in 
their names, and unit type is coded by the first two letters. The countries are Austria, Belgium, Brazil, 
Finland, Hungary, Korea, Nigeria, and Spain. The unit types are agriculture, chemistry, physics, and 
technical. 
 
alpha is the overdispersion parameter of the negative binomial model (Greene (2000)). 
 
* Significant at the 10% level       ** Significant at the 5% level       *** Significant at the 1% level. 
 
 
 Table 3. Determinants of Research Unit Size, as Measured by the Number of Scientists in the Unit, 
Including only Units with 20 or fewer scientists  (232 observations) 




Variable  Coefficient Std.  Error Coefficient Std.  Error Coefficient Std.  Error 
        
constant  -1.42  1.92 0.062  0.33 0.14 0.39 
Age of the Unit  0.057*** 0.022  0.012*** 0.0032  0.011*** 0.0035 
Years of 
Education 
0.14* 0.076 0.032***  0.012 0.029**  0.015 
Years of 
Experience 
0.043 0.031 0.0088*  0.0048  0.0088  0.0069 
Years as Head  0.069 0.045 0.018***  0.0068  0.019**  0.0077 
        
auste  2.09*  1.15 0.55***  0.21 0.53**  0.27 
belte  1.69 1.33 0.46**  0.24 0.48*  0.27 
brach  0.75 2.08 0.20 0.40 0.19 0.83 
braph  2.72*  1.53 0.70***  0.26 0.69**  0.35 
brate  2.05 1.30 0.55**  0.24 0.53 0.33 
finag  1.98 1.40 0.50**  0.25 0.52*  0.30 
finch  1.74 1.32 0.47**  0.24 0.44 0.29 
finte  3.43*  1.30 0.85***  0.23 0.83***  0.29 
hunag  2.92 1.88 0.75**  0.31 0.74*  0.40 
hunch  4.92*** 1.66  1.07*** 0.26  1.04*** 0.38 
hunte  0.95 2.40 0.17 0.50 0.14 2.51 
korch  4.26*  2.41 1.04***  0.37 1.01 0.80 
korph  5.10**  2.09 1.18***  0.32 1.15*  0.67 
korte  5.23*  1.89 1.20***  0.29 1.17**  0.50 
nigte  6.54*  2.38 1.30***  0.32 1.30***  0.40 
spach  1.89 1.44 0.52**  0.26 0.47 0.31 
spaph  2.26 1.84 0.60**  0.31 0.58 0.53 
spate  0.90 1.18 0.24 0.22 0.22 0.27 
        
alpha  - - - - 0.12***  0.034 
        
R-squared  0.17   -   -   
Log Likelihood  -571.13   -539.16   -523.01  
Restricted Log 
Likelihood 
-592.29   -580.13   -539.16  
The country/unit-type dummies are constructed as follows: Countries are coded by the first three letters in 
their names, and unit type is coded by the first two letters. The countries are Austria, Belgium, Brazil, 
Finland, Hungary, Korea, Nigeria, and Spain. The unit types are agriculture, chemistry, physics, and 
technical. 
 
alpha is the overdispersion parameter of the negative binomial model (Greene (2000)). 
 





 Table 4. Marginal Effects of the Determinants of the Span of Control of the Head, Computed at the 
Mean Values 
 Based  on 
Table 1 
 Based  on 
Table 2 
 
Marginal Effect  Coefficient  Std. Error  Coefficient  Std. Error 
      
Age of the Unit  0.060** 0.028  0.047***  0.016 
Years of Education  0.27** 0.14  0.13** 0.068 
Years of Experience of the Head  0.11**  0.056 0.039 0.032 
Years as Head of the Unit  0.15*** 0.043  0.083** 0.036 
      
Conditional Mean Number of Scientists  5.36 -  4.44 - 
* Significant at the 10% level       ** Significant at the 5% level       *** Significant at the 1% level. 